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* T h i s  p a p e r  r e p r e s e n t s  one phase  o f  ormed by t h e  J e t  P r o p u l s i o n  
L?bora tory ,  C a l i f o r n i a  I n s t i t u t e  o f  the. s p o n s o r s h i p  o f  t h e  ..- . 
I Y ' I L ~ I , ~ ~ ~ :  Acroiia;i:ics zn:! Sp?.cc! NAS:7-10$ I t  is 
hasctl o n  par t  o t  a t l i s s c r t a t i o n  sril)mittc?d by  t h e  a u t h o r  to 'The C a l i f o r n i a  
' I n s t i t u t e  0 1  ' ~cch r io logy  i n  p a r t i a l  f u l f i  Llrrient o f  the> r e q u i r e m e n t s  f o r  t h e  
clt>grec ti! 1)octor- ( i f  Phi losopl iy .  



By milans < ) f  a q~i"iitum-inc?chanical phasc s p a c e  d i s t r i b u t i o n  f u n c t i o n  

i n t r o d u c e d  by von  Roos, t h e  S c h r o e d i n g e r  e q u a t i o n  a p p r o p r i a t e  t o  a plasma 

c a n  be trnnsformc.d i n t o  a qtIi1nttiin n i~*c i i an ica l  genera l i z a t i o n  o f  t h e  Liou-  

v i  t l c  ( > q u a t i o n .  From t h t -  c o n s c q u r n t  a n a l o g  of the HRCKY h i e r a r c h y ,  t h e  

two-c'Ic>ctroii cot-rc ' la t imi  f u n c t i o n  i n  a s p a t i a l l y  homogeneous f u l l y  i o n i z e d  

plasma is  o b t a i n e d  by a s suming  t h a t  t h e  i o n s  c a n  be t r e a t e d  as a n  immobile 

u n i f o r m l y  c h a r g e d  background.  The r e s u l t i n g  e q u a t i m  f o r  t h e  e l e c t r o n  

t l i s t r i h u t  i o n  f u n c t i o n  i s  a quantum m e c h a n i c a l  Boltzmann e q u a t i o n ,  whose 

c o l l i s i o n  in t c>> ; ra l  d i f f e r s  f r o m  t h a t  t l c r i v c d  b y  13nlescu a n d  o t h e r s  i n  

t h a t  c'schangt. e f f e c t s  a r e  m o r t '  p r o p e r l y  taken i n t o  a c c o u n t .  I n  p a r t i c u l a r ,  

n n e w  term a p p e a r s  i n  t h e  c o l l i s i o n  i n t e g r a l  which is  i d e n t i f i a b l e  w i t h  

the Mat t  c o r r e c t i o n  t o  e I c c t r o n - c t c c t r o n  s c a t t e r i n g ,  and  i s  s h i e l d e d  by 

t h e  dynarnical d i e l e c t r i c  c o n s t a n t  of t h e  plasma i n  a somewhat: u n e x p e c t e d  

f a s h i o n .  A consequence  of  t h i s  term is  a n  a l t e r a t i o n  of t h e  l a r g e  momentum 

t r a n s  t PI-  con^ r i b t r i i o n s  to t l i t >  c 0 1  1 i s  i o n  i i i t e q r n  1 n p p r o p r  i a t c  t o  a "c l a s s i c a  1" 

}' 1 ;I ':11I.l . 

J 



A c e n t r a l  problem i n  t h e  d e s c r i p t i o n  of n o n - e q u i l i b r i u m  phenomena 

i n  c l a s s i c a l  p l a s m a s  i s  t h a t  of o b t a i n i n g  f rom t h e  N - p a r t i c l e  L i o u v i l l e  

e q u a t i o n  a k i n e t i c  (or "Boltzmann") e q u a t i o n  f c r  t!!s q l n g l c - p a r t i c l e  

phnsc. s p a c e  d i s t r i b u t i o n  f u n c t i o n .  P r o c e e d i n g  a l o n g  d i f f e r e n t  l i n e s ,  

s e v e r a l  i n v e s t i g a t o r s  have  d e r i v e d  a k i n e t i c  e q u a t i o n  v a l i d  i n  t h e  

l i m i t  whe re  the number o f  p a r t i c l e s  i n  R Dehye s p h e r e  i s  large compared 

f 

i - : q t i : i L i o n  ( 1 )  i s  L i i . .  k i : i c t  i c  ibqti:i[.ioii, ir l  whicrtr ( l l c c t  ron-c. l ( .c t ron 

S CF intcr. ic. t  ions c:nt.er b o t h  tlirouf:h t h e  s c ! t - c o n s i ! ; t . ~ n t  c ' l e c t r i c  f i c l d ,  E , 

a n d  th rouRh  t h e  " c o l l i s i o n  i n t e g r a l , "  r e p r e s e n t i n g  t h e  e f f e c t  of f l u c t u a -  

t i o n s  of t h e  e l e c t r i c  f i e l d  a b o u t  t h i s  v a l u e .  E q u a t i o n  ( 2 )  i s  Poisson's 

*In the in t e rcbs t  o! s i m p l i c i t y ,  thcl c o n s i d e r a t i o n s  o f  t h i s  p a p e r  w i l l  be 
1irnitc.d t o  t h i s  case. The. t ' x t e n s i o n  o f  t h e  method t o  i n c l u d e  ion ic  
degrees of Frctc.dorn a n d  e x t e r n a l  n n g n e t i c  i ic.lds is  r e l a t i v e l y  s t r a i g h t -  
f o r w a r d  and  w i l l  be p u b l i s h e d  elsewhere. 
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e q u a t i o n  f o r  t h e  s e l f - c o n s i s t e n t  f i e l d ,  n b e i n g  t h e  a v e r a g e  e l e c t r o n  

(and i o n )  number d e n s i t y .  The t h i r d  e q u a t i o n  g i v e s  t h e  s p e c i f i c  form 

of t h e  c o l l i s i o n  i n t e g r a l  which is s e e n  t o  depend o n  t h e  dynamic d i e -  

l tsc- t r ic  const:iiit o f  t h e  plasiim, ;IS g i v e n  by the e x p r e s s i o n  

w h e r e v i s  t h e  volume of t h e  sys tem ( a  c o n v e n t i o n  w e  w i l l  g e n e r a l l y  

f o  1 l o w  u n l e s s  o t h e r w i s e  i n d i c a t e d ) .  

turn e f f e c t s  must :  be c o n s i d e r e d ,  as  w e l l  t o  p r o v i d e  a d e s c r i p t i o n  of 

i n t r i n s i c a l l y  quantum mechan ica l  sys t ems  ( e .g .  t h e  e l e c t r o n  g a s  i n  a 

m e t a l )  which makcs more e x t e n s i v e  u s e  o f  c l a s s i c a l  c o n c e p t s  t h a n  t h e  

wiclc l y  p ~ t - v ~ i  I i - n t  ; i l t t> r i in t iv t ’  forrarllnLion:; b,i . ;ct l  oii quan t r i i n  f i c . l t 1  t h ( > o r y .  

A I  t h o u ~ ~ , l i  o t i i  p i c . : ; i . n L  c ‘o i ic (~r i i  I s  c l i ~ ; l r L y  1 i r n 1 t i . d  ti)  Llic. t i r v L  of t l l ( * : , i *  

o b j c c t i v c s ,  i t  i s  wort t i  uotLng in p a s s i n g  t h a t  the: k i n e t i c  t h e o r y  of 

quantum plasmas  on which  t h i s  paper  i s  based  a p p e a r s ( 5 )  t o  be a promis-  

i n g  a p p r o a c h  t o  t h e  g e n e r a l  quantum many-body problem. 
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The f i r s t  definitive! e x t e n s i o n  of  e q u a t i o n s  (1) - ( 4 )  t o  quantum 

B a s i c a l l y  similar s u b s e q u e n t  plasmns i s  a p p a r e n t l y  t h a t  of Balcscu( ' ) .  

s t u d i e s  by S i l i i ~ ( ~ )  and Guernsey(8)  may a l s o  hc  c i t e d .  

i n v e s t i g a t i o n s  p roceed  from W i g n e r ' ~ ( ~ )  o b s e r v a t i o n  t h a t  by s h i f t i n g  

a t t e n t i o n  f rom t h e  wave f u n c t i o n  of a m a n y - p a r t i c l e  s y s t e m  t o  a quantum- 

-- m e c h a n i c a l  phase  s p a c e  d i s t r i b u t i o n  f u n c t i o n  (q .m.d . f . )  d e r i v e d  t h e r e f r o m ,  

i t  is  p o : i s i b I ~ *  t o  i o i - i ~ i ~ i l : i ~ ~ ~  I t i ~  q r i i i i i t r i i n  !;t[lt . i: it . icfi l  iiic~chnni(.s of Inter- 

: ict  i i i K  svsttsin:; ( i  .('. pl:i!;ii\;i:;) i i i  ;I 1 : I s h i o n  whirli  tx.;rrs ;I clu.q(r rc>semblancc 

I n  e s s e n c e ,  t h e s e  

t o  t h e  c l a s s i c a l  t h e o r y .  Iiitlrcti, t h e  q . m . d . f .  obeys  a n  e q u a t i o n  which  i s  

a quantum g e n e r a l i z a t i o n  of t h e  L i o u v i l l e  e q u a t i o n  a n d ,  i n  f a c t ,  becomes 

i d e n t i c a l  t o  t h e  L i o u v i l l e  e q u a t i o n  i n  t h e  l i m i t  3 0 . Then,  by 

p r o c e e d i n g  i n  s t r i c t  a n a l o g y  t o  the  s o - c a l l e d  RRGKY a p p r o x i m a t i o n  scheme 

w h i c h ,  i n  t h t .  c l i i s s i c n l  s i t . i i : i t ion ,  l e n d s  from t h c  1 , iouvi l  le e q u a t i o n  t o  

tlic :;t>coiid, o i w  gene r ; l t c~s  3 corresponding k i n c t  i c  t l i c o r y  of quantum plasmas .  

The quantum g e n e r a l i z a t i o n  of t h e  c o l l i s i o n  i n t e g r a l  ( e q u a t i o n  ( 3 ) )  

which  r e s u l t s  f rom t h i s  program may be w r i t t e n  i n  t h e  form 
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where t h e  t i l d e s  s e r v e  t o  d i s t i n g u i s h  q u a n t u m - c o r r e c t e d  q u a n t i t i e s  f rom 

t h o s e  i n t r o d u c e d  e a r l i e r .  

T h e  d i e l e c t r i c  c o n s t a n t  a p p e a r i n g  i n  ( 6 )  is  t h e  quantum g e n e r a l i z a -  

t i o n  of ( 4 )  and i s  u s u a l l y  r e f e r r e d  to i n  t h e  l i t e r a t u r e  a s  t h e  RPA 

("rnndom pliasc nI'pro>tioLition") t l i c l c c t r i c  c o n s t a n t .  I t  is  givcbn by t h e  

C'X 13 r~ s s i on 

m -  

G) + k - % . v - $ ~ a  

K ( % , 4  v u  = I +op M d3f + ( ~ + ~ $ J ) - ~ ( ~ )  

am N +  

J 
M 

2 

%= 
c Y 

I n  t h e  l i m i t  k-0 , K - K ,  f - f ,  and ( 3 )  is r e a d i l y  r e c o v e r e d  from 

( 0 )  - 
I'l it~ p h v s  iv;i I s i l : i ~ i  1 icarico of  c>qu:it i on  ( 6 )  t i n s  twc>n c i a r i l  i c d  by 

thi- o h s c r v n t i o i i  0 1  Wyltl and  f l i n t ~ s ( l O ) ,  t h a t  i t  c o u l d  h a w  t w c n  w r i t t e n  

down i m m e d i a t e l y  u s i n g  t h e  "golden r u l e "  of s c a t t e r i n g  t h e o r y ,  i f  one 

makes t h e  p l a u s i b l e  c o n j e c t u r e  t h a t  t h e  Coulomb s c a t t e r i n g  m a t r i x  e l e m e n t  

s h o u l d  be augmcnted by t h e  dynnmical  d i e l e c t r i c  c o n s t a n t  of t h e  plasma.  

S p c c i t  i c n l  t y ,  i t  o r i t '  t 3 k c . s  ;IS t t i c '  m . i t r i x  c ~ l e r i i c * i i t  f o r  t t i c  s c a t r c r i r l g  of 

ttic q u a n t i t y  

(7) 
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l eads  d i r e c t l y  t o  (6 )  when t h e  ' : pp ropr i a t e  d e n s i t y  of s t a t e s  is  i n t r o d u c e d .  

Viewed i n  t h e  f o r e g o i n g  l i g h t ,  a d e f i c i e n c y  of  t h e  c o l l i s i o n  

i n t c g r , i l  Givcii b y  e q u a t i o n  ( h )  i s  i u u i ~ ~ J i n t e l y  a p p a r e n t .  

kiwwn, t l i r  tot.? I t - i -oss -sc-c t io i i  t o r  t b  I c ( - t - r o n - ( *  lclctron s c a t t e r i n g  c o n t a i n s  

con  t r i h t  i o n s  f rom tl irt3c t Cou lomb s c a t  :c* r ing  , cxxc ha ngc s c a t  te  r i 11,; , and 

t h e  i n t e r f e r e n c e  between t h e s e  two p r o c e s s e s  ( t h e  s o - c a l l e d  "Mott" t e r m ) .  

I g n o r i n g  f o r  t h e  momt?nt tlic in:l:ience of  t h e  d i e l e c t r i c  p r o p e r t i e s  o f  

t h c  plnhni i l ,  onc t inds t h a t  w h e n  cxchangc i s  i n c l u d e d ,  t h p  ( s p i n - a v e r a g e d )  

m.\tris c ~ l ~ i i i c i i t  . i p p c a r i n g  i n  ( 9 )  

For  a s  is w e l l  

is g i v e n  i n  Rorn a p p r o x i m t i o n  by 

By symmetry, thc f i r s t  two terms i n  thc c u r l y  b r a c k e t  of (10) wr~u ld  c o n t r i -  

b u t e  e q u a l l y  t o  t h e  c o l l i s i o n  i n t e g r ' i l ,  :;,I one would e x p e c t  t h e '  4 f  a c t o r  

i n  ( 6 )  t o  be r e p l a c e d  by ( i n  t h e  l i m i t  z41) 

t e r m .  
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The a b s e n c e  from e q u a t i o n  (6)  of t h e  term j u s t  c i t e d  i s  a conse-  

quence  of  t h e  well-known i n a b i l i t y  of  t h e  Wiener q .m.d . f .  fo rma l i sm t o  

f u l l y  i n c o r p o r a t e  exchange e f f e c t s  i n  a t r a c t a b l e  f a s h i o n .  F o r  t h i s  

i -cason ,  i n c r c . i s i n g  u s e  has twcbn made i n  rc?ccnt  y e a r s  of a n  a l t e r n a t i v e  

t o r i i i i i l n L  i o n  diw to von liocis 

t i o n  f o r  t h e  q . m . d . f . ,  he  i s  a g a i n  l e d  t o  a quantum g e n e r a l i z a t i o n  of t h e  

L i o u v i l l e  e q u a t i o n  wh ich ,  however ,  e n a b l e s  exchange e f f e c t s  t o  be i n c l u d e d  

i n  n natural  manner. I n  [hi . ;  papvr ,  t h c r c f o r c ,  wc wish  t o  r e p o r t  t h e  

rc'srclt:; 0 1  :I pio!:r:~m q r c i t t e  s i i i i i  111' to  t l iosc  leridiiiy, to e q u a t i o n  (6 )  

(\>ilrl  i c t i t : l r lv  t h . l t  o f  (:ucbrnsc.y ) b u t  d i t ! c h r i i i g  i n  t h a t  t h e  von Roo:; 

form oi t h e  quantum L i o u v i l l c  e q u a t i o n  is usctl.  I n  e s s e n c e ,  t h e  p o i n t  

of d e p a r t u r e  i s  t h a t  t h e  c o l l i s i o n  i n t e g r a l  t h u s  o b t a i n e d  r e p r e s e n t s  a 

c o r r e c t i o n  t o  t h e  Har t r ee -Fock  s e l f - c o n s i s t e n t  f i e l d  whereas  t h a t  o b t a i n e d  

. Employing a sorntwhat (11 f f e r e n t  d c f i n i -  ( 1 1 )  

( 8 )  

i n  t h e  Wigncr fo rma l i sm r e p r e s e n t s  ;1 c o r r e c t i o n  t o  t h e  H a r t r e e  s . c . f .  

tnc  l u d i n g ,  howchver, enoui;h of ttxcliaiigc t o  i n t  rodricc the [ I  - nh'7] 
an3 

I : I C  tor:, I I I  ( 0 )  c.liiir.ictc'1 i : , t i c  1 1 1  t l i c -  ~ ~ x c . l r i ~ i i o i ~  prliic i p l c . .  

Thc, d c > t < i i  I s  o! t l ic>  c-a 1rul:it i o n  a r c  t oo  lcn}:ttiy t o  d i s c u s s  in t h e  

l i m i t e d  t ime and  s p a c e  a v a i l a b l e  here  ai! v i  !I be p u b l i s h e d  e l s e w h e r e .  

S imply  s t a t e d ,  we work w i t h  t h e  first two e q u a t i o n s  of  t h e  quantum BBGKY 

h i e r a r c h y  f o r  t h e  "recli iced" q . m . d . f . ' s .  The f i r s t  of  these c o u p l e s  t h e  

s i i ~ v , l t t t  .inti dotiblet t l i L , t  1 i b r l t i o n s ;  t h ( *  \ cco i id ,  t l i c a  t l t )ul)I(bt  and t r i p l c t .  

1'11,- t i ~ ~ ~ ~ l ~  I C S I  ( I  I I i 1 , 1 1 1  ~ $ ) I I  I I I I I (  I i t l i i  1 * I  I I I I - I I  w r  1 I I ( ' 1 1  i i ' ,  I I I ( *  i ) ro l j ( .r  1 y :,~II I I I I I*L r 

~ ) Y O ( I I I C  L o t  1 , i n ) ; I c t .  f U I I (  t i o n s  w l i i c l i  0 1 1 ~ '  oht.i ins in t h r .  I!.irtr(.cb-I:oclc opprox 

m a t i o n ,  p l u s  a n  unknown t w o - p a r t i c l e  c o r r e l a t i o n  fun-Cion. 

f u n c t i o n  is s i m i l a r l y  decomposed i n t o  i t s  H a r t r e e - F o c k  e x p r e s s i o n  p l u s  

The t r i p l e t  
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c y c l i c a l  p r o d u c t s  of s i n g l e t  a n d  t w o - p a r t i c l e  c o r r c l a t i o n  f u n c t i o n s .  The 

c o u p l c d  t -qua t iuns  a r e  thus c 1 o s ( i d ,  A n  1 one f i r s t  o b t a i n s  a s o l u t i o n  f o r  

t h e  c o r r e l a t i o n  f u n c t i o n  e x p r e s s e d  i n  terms of t h e  s i n g l e t  d i s t r i b u t i o n .  

I n s e r t i o n  o f  t h i s  e x p r e s s i o n  i n t o  t h e  f i r s t  BBGKY e q u a t i o n  y i e l d s  t h e  

dcs i rc.tl IC i n c x  t i c ('quat i o n  i <)r  t t i c .  s ink; 1 e t  f uiic t i on .  

o l ) t . i i i i  t i )  t l i i : ;  f ; i s l i i o l i  t h ( 3  f o l l n w i i i y ,  kir icst ic-  e q u a t i o n  
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The s e l f - c o n s i s t e n t  f i e l d  i s  n a t u r a l l y  s t i l l  g i v e n  by ( 2 ) .  F o r  t h e  c o l -  

l i s i o n  i n t e g r a l ,  w e  o b t a i n  i n  p l a c e  o f  (6 )  t h e  e x p r e s s i o n  

( k m p . - 1 1 - i i i ! ~  ( 1 4 )  . in(!  (O), WC. i i o t c ,  t h a t  t i l < ,  o n l y  t l i f  1~~rc . r l cc  is i n  t h e  

nppcaranct .  0 1  tlic " M o t L "  L c r m  a n t i c i p a t c * d  t .ar l icr .  Thc c u r i o u s  r e s u l t  

t h a t  i t  i s  sh i e lded  by t h e  r tsal  p a r t  of K r a t h e r  t h a n  is unexpec ted  

and  n o t  u n d e r s t o o d .  I n  t h i s  r e g a r d ,  w e  remark t h a t  i n  d e r i v i n g  (14), 

a d d i t i o n 2 1  terms were o b t a i n e d  which  are  r e a d i l y  i d e n t i f i a b l e  as t h r e e - b o d y  

c o l l i s i o n  p r o c e s s e s ,  i n  which t h e  d i r e c t  coulomb s c a t t e r i n g  of two e l e c t r o n s  

is  accon ip~ i i i t* t l  I ) > ,  . I  v i r t u a  1 c.xcIiang:C s c a t t e r i n y ,  o f  o w  o f  thcm w i t h  a 

t t i  t 1-11 C. I c * c t  roil. id(- Iiiivc. not tric- 1r~dc.d s u c h  tt\rltls i i l  ( I ( , )  t~r~c:iusc. ott1t.r 

t h r e e - b o d y  c o n t r i b u t i o n s  would e n t e r  wlwn a h i g h e r - o r d e r  t r u n c a t i o n  of 

t h e  BBGhY cha in  i s  pe r fo rmed .  The p o s s i b i l i t y  t h a t  a more e x a c t  t r e a t m e n t  

of t h r e e - b o d y  and  h i g h e r  c o r r e l a t i o n s  would i n t r o d u c e  terms i n t o  t h e  c o l -  

l i s i o n  i n t c q r n l  which e1 f c c t i v e l y  a l t e r  t h e  s h i e l d i n g  of the Mott term 

must  nc~vc r t l i l ~  1 PS:: l)c rcc  o):n izc*d. 

-1  

A f c w  r emarks  conel-rning (14) are i n  o r d e r .  F i r s t ,  i t  i s  e a s i l y  

shown t h a t  t h e  H-theorem i s  s a t i s f i e d  so t h a t  t h e  c o l l i s i o n  i n t e g r a l  

v a n i s h e s  f o r  t h e  Fe rmi -Di rac  d i s t r i b u t i o n .  Due t o  t h e  p r e s e n c e  of the  
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Mott term, however ,  t h e  r lniqueness  of t h i s  d i s t r i b u t i o n  i s  by no means 

a p p a r e n t .  Second ,  i t  must be cmphasized t h a t  (14) i s  o n l y  v a l i d  f o r  

q u a s  i-homogencous p l a smas  i n  which a p p r e c i a b l e  d e n s i t y  c h a n g e s  o c c u r  

o v e r  d i s t a n c e s  l a r g e  compared to  t h e  "mean-fre p t h "  ( and  t imes l a r g e  

compared t o  t h e  " c o l l i s i o n  t i m e " ) ,  j u s t  a s  i n  t h e  c l a s s i c a l  case. 

F i n a l l v ,  we  n o t e  t h a t  a s t r a i g h t - f o r w a r d  e x p a n s i o n  of (14) i n  

s t u d y  of Wyld and  P i n e s ( l 0 ) ,  an a l t e r n a t i v e  c l a s s i c a l  l i m i t  of t h e  

quant i im-mcchanicnl  c o l l i s i o n  i n t e g r a l  c a n  b e  t a k e n  which p r e s e r v e s  t h c  

( d i s t a n t  c o  11 i s  i oris). 

S p e c i f i c a l l y ,  t h e  s u b s t i t u t i o n  5 g u c a s t s  (14) i n t o  t h e  fo rm 
m -  - 
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--. 
I n  t h e  l i m i t ' t ; + O ,  a l l  t h a t  happens  now i s  E + 1 so c h a t  

(15 )  goes o v e r  i n t o  - t h e  o r d i n a r y  ih l t zmann  c o l l i s i o n  . -  i n t e g r a l  a p p r o p r i a t e  

t o  t h e  Mott s c a t t e r i n g  c ros s - sec t ion .  We a r e  t h u s  l e d  t o  t h e  c o n c l u s i o n  

tli:it I ht> I I P W  ( - 0 1 1 i s i o n  inLt,y,ral will 1c:itI t - 1 )  .il l : i l r . r ~ r n t i o n  o f  t h e  c u t - o f f  

p i - o ~ ~ v i l i i i - t *  I I ! ; I I : I  I 1~~ : i p p I  i ( b ( i  L ( >  ( ' I )  : i t  

:IS U. +m, t l i c *  i i i t .c>j;ri i i i ( i  o f  ( 1')) 3ppronclic.s 11;i 1 f i L S  or(!i na r y  va lue ,  c o r -  

rcspmic l ing  t o  t h e  f a c t  t t i a t  t h e  P a u l i  p r i n c i p l e  i n h i b i t s  c l o s e  e n c o u n t e r s  

between e l e c t r o n s  of parallel s p i n .  

-- 

l;ir;psc- $, . [ r r  p r r l  i c .u l . i r ,  w(' n o t . ( -  thi i t  

--- 

I t  is  n p l e a s u r e  t o  acknowledge :he c o n s t a n t  encouragement  and 

t i 1 1 1  i ! : l i t ( * i i i i i ~ ~ ,  ( . I - i  t i c i s i n  0 1  1)r. O l t l w i ) ;  V ~ I I  H o o s  ttiri1ii~;lio~it. n l  1 pl~;isc:; 0 1  

t 1 1  i :: I - (*: ; (*;I  i . ( . I i .  
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